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Model Test of Reinforced Earth Retaining Wall
A.S. Stipho
Assl Prof., Civil Engineering Department, King Saud University,
Riyadh, Saudi Arabia

SYNOPSIS: Reinforced Earth techniques are fast growing procedures within geotechnical engineering
practice.
The ease and flexibility of the techniques make them widely accepted.
In the last two
decades, considerable advances have been realized in utilization of concepts in retaining structures.
The analysis and design procedures for earth reinforced retaining walls had been exercised
within Rankin and Mohr Coulomb theory. An earth retaining model wall was designed according to Mohr
Coulomb theory with minimum factor of safety.
The wall was constructed in the laboratory in much
the same way as the large walls in the fields.
The wall was then brought to failure by surcharge
loading, during which wall behavior was monitored.
The maximum surcharge load that induced failure
and the mode of failure was observed. Stresses in the reinforcement strips were compared with those
predicted by the theory.
The efficiency, usefulness and conservativi ty of the technique was outlined.
INTRODUCTION

.
In the last five years, thousands of miles of
first class highways were constructed in Saudi
Arabia. Some were found along the desert flats
and others were located in steep mountainous
terrain. Due to the rapid construction of this
comprehensive development, a great need for
flexible,
inexpensive
convenient-to-build
retaining structures arose.
Some of these
structures
were
constructed quickly
and
o.ccasionally on poor foundation conditions.
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Reinforced earth retaining walls were considered at various locations. Reinforced earth is a
construction material composed of soil fill
reinforced with rods bars of the like to
strengthen the soil and increase its frictional
resistance.
Vidal since the early sixties
developed the concept of reinforced earth: and
demonstrated the beneficial effects of adding
small amount of fibrous material to soil.
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Fig. 1

A sketch of the key component of a representative earth reinforced model is shown in Figure
1. The main items of the wall are the backfill
materials, face units and the reinforcing elements.
The backfill material is characterized
by its friction properties and density.
'Face
units need not be of a particular strength so
that fabric, metal or precast concrete units
are commonly used and generally referred to as
the skin (Lee, Adams and Vagneron 1973 l.
The
size and type of the face elements is determined by handling convenience, esthetics, cost and
technique employed.
The reinforcing elements
which are normally known as ties are selected
by their resistance to corrosion and must be
strong enough to prevent failure by breaking in
tension.
They are sized in such a way as to
prevent failure of the structure by preventing
extraction of the ties (pull out resistance).
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DESCRIPTION OF THE STRUCTURE
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Design element of the wall

take place due to
described below.

one

or more

of

the

modes

Failure of the wall by slipage along a sliding
wedge in the soil mass due to either failure in
bond and/or tension of the reinforcing ties.
This mode of failure seems to be the most
commonly occuring mode of failure observed from
model test results (Lee et al 1973, Lee 1976,
Banerjee 1975, Al Hussaini and Perry 1978,
Ingold 1981, 1982).
Other failure mode of the reinforced earth
retaining wall, may be due to failure of its
foundation.
Such failure may occur when the
load intensity on the foundation becomes more
than the allowable bearing pressure of the
foundation material.
Skin units may also fail
due to increased lateral earth pressure from
possible rise of pore water pressure developed
in the backfill material, if drainage by some
means becomes blocked.

FAILURE MODES OF THE WALL
Failure of reinforced earth retaining wall may
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Once the internal stability requirements of the
wall have been satisfied, the external stability of the wall presumed to act as a solid
gravity mass against circular slip failure
requires investigation as another possible mode
of failure.

Similarly the tension in each layer of reinforcement varies with depth, and the maximum
tension in the mth layer at the bottom per
metre run of the wall could be given as
(Schlosser and Vidal 1969)~
i
--• Ka • y • H • Sv
m+l

DESIGN CONCEPT
where:

To solve any problem of soil mechanics, the
basic governing equation "constitutive relations" for the soil must be defined. Formulation of such constitutive relations for sophisticated soil behavior including three dimensional anisotropic elasto-plastic constitutive
relations were already advanced (Prevost, 1978,
Yennis Dafalias 1982, Stipho 1985).
Herein,
the model wall under study was designed and
idealized using a simplified model behavior
such as the Mohr Coulomb criteria where,
I
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In the design of a reinforced earth retaining
wall, the check on the likely bond stress along
the strip's effective length that produce
adequate pull out resistance is very necessary.
The effective strip length (L) is the actual
length put to work to resist the pull out.
It
is mainly the length beyond the proposed
failure plane.
The pull resistance depends
upon the strip size and the angle of friction
between the strip and the soil (~).
The
maximum frictional resistance of the strips per
metre run at depth (h) can be calculated as:
Fh

the wall's height

y

soil's unit weight
1 - Sin
1 + Sin

( 3)

(4)

(2 L • oo •

y

•

h • tan ~) 1
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sh

L

effective length of strip

00

width of the strip

y

backfill unit weight

h

height above strip's level

~

angle of friction
the backfill soil

Sh

= the

between

strip

and

horizontal spacing of strips.

The total horizontal stress at the depth (h)
causing the pull out per metre run can be
determined as:

~
~

ah
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=

where:

represents the sum of reinforcement
tension per metre run of wall.

H

number of strips per metre run of
wall at ith layer.

PULL OUT RESISTANCE

where:
tT

cross section area of the strip.

nsi

(2)

H2 • Cot

•

Ka •

the maximum tensile strength of the
strips.

A

Thus, from consideration of equilibrium, the
sum of tensile forces in the reinforcement (tT)
per metre run of the wall can be found as:

l.
2

the vertical spacing between each
layer of reinforcement.

of internal friction.

In this analysis failure of the foundation and
the skin was considered not critical because
the model wall was built in the laboratory
using precast concrete skin units. Within this
context the wedge failure occurs along the
failure plane AB (Figure 1) pass.ing through the
toe and inclined at an angle 6 to the horizontal~ where,

tT

variable from 0 to m

fs

This model wall was designed to have a minimum
factor of safety (F.S. = 1) against snapping of
strips.
It was assumed that sufficient amount
of lateral movement during construction takes
place for the mobilization of the skin friction
between the strips and the backfill material to
develop an active wedge failure.

= 45° +

i

where

normal stress, and

The prime (' ) indicates that the parameter an
effective term.

e

number of reinforcing layers

This Ti should be less than the ultimate
tensile strength of the ith layer of reinforcement. Therefore, for a desired factor of safety the reinforcement per metre run can be
obtained.
(F.S, = 1)
(6)

stress on slip plane

= angle

m

Sv

apparent cohesion

=
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MODEL TEST

TEST OBSERVATIONS

A reinforced earth retaining wall 1.5 m height,
1. 5 m long and 1. 5 m wide was constructed at
the Civil Engineering Geotechnical Laboratory
to examine the behavior of a reinforced earth
retaining wall during construction and at failure.
The number and size of the strips were
calculated from equation (6) and were made from
galvanized steel.
The strips had a maximum
tensile strength of 120 N/mm 2 • The strips were
all 7 mm in width and 0. 095 mm thick.
The
length of each strip was taken as 0. 7 H or
equivalent to 1. 05 m.
The skin elements were
made of units 15 x 15 x 3 em shaped in such a
way as to give an interlocking effect in the
four directions as shown in Figure 2.

The outward deflection of the skin at each
reference point of the wall's height at the end
of construction was recorded and compared with
that value found at the stage surcharge loadings and failure (Figure 3). It can be noticed
that very minor movements of the skin took
place after construction was complete.
An
outward movement, particularly at the base, of
about 1% of the wall's height was recorded at
failure.
This movement was sufficient to
produce a definite failure surface as indicated
by the offsetting of the backfill soil mass.
The observed shear plane was compared with that
assumed in the theory and shown in Figure 4. A
small deviation from the theoretical plane at
the bottom part of the wall was noticed.
This
could well be due to the presence of the ties
and disturbance caused by the leads of the
strain gages.
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Each unit has an embedded steel connector to
which the strip was tied.
The fill material
used was clean, well graded coarse sand (G =
2.61) having an angle of internal friction <•l
equal to 34.8°, with zero cohesion. The soil's
maximum dry unit weight (Yd) was 19.13 KN/m 3
with an optimum moisture content of 13.2%. To
assure maximum sand density during the test, a
special concrete roller was designed based on
the compaction efforts used during the test.
The number of passes for 15 em lifts were
determined according to the size and weight of
the roller used.
However, field density tests
were conducted every 50 em of the wall height
to verify the value of maximum dry density.
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Fig. 3

Stage deflection of the wall

On the other hand to clarify the assumption
used in the design of ties, the state of stress
acting on the wall at the end of construction
and on the ties was recorded. The data observed from the gages, at the theoretical position
of the shear surface, was compared with lateral
pressure acting on the same section of the wall
at that level and presented in Figure 5.
The
measured pressure seems to follow a pattern
reasonably close to the theoretical, dotted
line, particularly at the top sections of the
wall. At the bottom sections of the wall mixed
levels of stresses were observed. This indicates that the maximum tensile stresses in the
ties may not necessarily occur at the failure
plane as suggested by Lee et al 1973.

The wall was constructed within a steel framed
box with three sides made of 18 mm thick clear
perspex.
The perspex sidings were used to
enable monitoring the shape and location of the
shear plane.
The galvanized steel strips were
instrumented with strain gages connected to a
read out station.
The strain gages were fixed
on the strips at points where the expected
failure plane cuts at that particular strip
level.
These were used to measure the tensile
strength of the strips at the failure plane
during the test;' The outward movements of the
skin elements were also monitored by a set of
mechanical dial gages arranged and fixed on
rigid steel tower in front of the wall. After
the desired height (1.5 m) was reached, the
structure was left for one week protected and
undisturbed.
A surcharge loading was then
presumed by applying linear surcharge load (SL)
at D = 50 em away from the face line, and
increased until failure took place.

The test indicates t~at model wall supports
higher loads than predicted by theory.
Using
the concept of surcharge loading treated by
Schlosser and Long 1974: it could be concluded
that this model wall displayed a ratio of
actual to theoretical load value to 1.46. This
ratio is higher than the ratio, found by Bell
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et al 1974 testing fabric reinforced earth wall
analysed by Rankin theory.
However, the model
wall demonstrated the feasibility of the design
and construction method of such walls.
Apart
from the serious questions about the boundary
effect and the friction constraints at the
sides of the model test; it appears that the
theory used can produce a conservative earth
reinforced walls cheaply.
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